
REVIEWER COMMENTS 

Reviewer #1 (Remarks to the Author): 

Recommendation: Accept after minor revisions. 

In the manuscript, the authors proposed a theoretical model of electron sink in CDs. The in-situ 

transient photovoltage test was used to demonstrate the salt-protective electron sink effect, which is a 

vital and emerging tool for mechanism study. By combining the CDs with organic polymers, the 

authors prepared metal-free catalyst PM-CDs-30 to achieve highly efficiency production of hydrogen 

peroxide in seawater, even larger than in freshwater, which is a breakthrough advance in 

photocatalysis in salt ion solutions. This study is interesting. The manuscript is prepared with high 

quality. Therefore, I recommend that the manuscript be accepted with minor modifications. 

1. In general, the highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital 

(LUMO) of most organics are identified by cyclic voltammetry method. The HOMO and LUMO of PM-

CDs-30 should be mentioned to verify the energy level of the catalyst. 

2. The schematic in Figure 1c may not match the description. Please correct it or provide more 

detailed explanation. 

3. In this paper, the authors stated that “CDs can perform electrocatalytic oxygen reduction reaction 

by two-electron channel”, and provided the electrochemical properties of oxygen reduction reaction for 

CDs. However, did the CDs have light-enhanced activity in oxygen reduction reaction? Please verify it. 

4. Specific surface area is an important data and the specific surface area of all catalysts need be 

provided. Whether the changes of the specific surface area significant affect the catalytic properties? 

5. In Figure S18c, the electron sink effect on the catalyst becomes more obvious with the increase of 

the amount of CDs; however, in Figure 3b, with the increase of the amount of CDs, the enhancing 

effect of the catalyst on the properties in seawater becomes weaker. Why? 

Reviewer #2 (Remarks to the Author): 

The paper of Kang and co-workers describes the use of a polymer composite containing CDs for the 

hydrogen peroxide photoproduction in seawater. The authors have used an appropriate set of 

characterization techniques and all the experiments have been well performed. The reported QY of 

0.54% do not outperform already reported works (for instance, Nat. Mater. 18, 985–993 (2019)), but 

it is interesting that this this system works in seawater (and do so even better as compared to pure 

water). This is a nice and interesting work, useful and important not only for the community interested 

in CDs but for all the researchers working in the catalysis area. I can recommend publication in Nature 

Communication if the authors consider and address the following minor points: 

The references cited are overall adequate, but it would be important for the reader that the authors 

include a brief discussion of the performance’s indicator in the context of the state of the art. The 

discussion should be extended to the solar-to-chemical conversion efficiency of their system, which is 

currently not present in the paper and should be included in the manuscript. In this way, the authors 

can better clarify and highlight the strength of their work, and they should also expand the comments 

in the outlook/future work section. 

The authors report that the best system is the PM-CDs-30 and that, after 72 hours of reaction, the 

yield of hydrogen peroxide showed a slightly downward trend: 

(i) The authors suggest that the decomposition of hydrogen peroxide may be the reason for such 

downward trend, which I believe that it is a reasonable explanation. The same authors have previously 

reported that the decomposition of hydrogen peroxide assists the water splitting reaction when using 

CDs. Have the author tried to decompose hydrogen peroxide with this system? I think that they 

should include this experiment in the SI. Also, the authors should provide proof that across the 

reaction time there is no leaching of the CDs. 



(ii) Increasing the content of CDs results in the increase of the absorption in NIR region, but a content 

higher of 30 is detrimental for the catalysis. Do the authors have an explanation for this? Have they 

observed, for instance, CD agglomeration at higher loading? 

The authors performed the experiments at room temperature, but have they observed a dependence 

of the photocatalytic activity with the photoreaction temperature? 

It would be helpful for the reader if the authors will include a schematic figure detailing the 

composition/structure of the PM-CDs in the first part of the paper. 

Reviewer #3 (Remarks to the Author): 

This paper reports a study on the photocatalytic H2O2 generation by carbon dots (CDs)-doped 

polymeric photocatalyst in seawater. H2O2 is an emerging fuel and environmentally friendly oxidant 

that is currently used in many fields, but the current production processes of H2O2 are energy and 

cost consumptive and generate a lot of wastes. Therefore, sustainable processes to manufacture H2O2 

are needed. The major finding of this work is that the PM-CD photocatalyst shows a H2O2 yield at 

1776 umol/g/h in seawater, higher than that (1246 umol/g/h) in water. The authors suggest that the 

salt ions (i.e., Na+, Ca2+) in the seawater enhance the electron-withdrawing property of the 

functional group of CDs that increases electron extraction rate under excitation (line 102-103). 

However, the addition of Na+, Ca2+, or Mg2+ does not significantly increase the H2O2 

photoproduction rates (Figure 4g), although the authors still claim a large increase of H2O2 upon their 

addition (line 372). Results in Figure 4g contradicts with suggested role of Na+, Ca2+, Mg2+ in 

seawater as promoters for electron extraction in photocatalysis involving CDs. The current mechanistic 

discussion behind the seawater effect is very speculative (line 98-118, and line 317-322) and should 

be improved by theoretical calculation and considerations. Additionally, it is known that high salt 

concentrations/ionic strength can destabilize nanocatalysts by aggregation as a result of electric 

double layer suppression. There is no such consideration and the enhanced H2O2 formation in 

seawater appears to disagree with catalyst aggregation in seawater. There are also important 

considerations in the revision of the manuscript. 

1. The performance of photocatalyst in seawater should be compared to those in existing work using 

seawater, to explicitly highlight uniqueness of this work. The AQYs can also be compared among 

related photocatalytic H2O2 generation studies. 

2. It is suggested that H2O acts the electron donor and forms O2 (i.e., organic donor free). The 

authors should consider to measure O2 evolution to confirm this important claim. 

3. The photocatalyst PM-CDs-30 actually shows some oxidation after photocatalysis as in Figure S17b. 

The the relative C-O group fraction increases as compared to that in the parent photocatalyst (Figure 

2b). Could this oxidation provide the electron for O2 reduction and H2O2 formation? The 

measurement of O2 formation (H2O as the electron donor) should be quantitatively compared to that 

of H2O2 formation, so that other electron sources can be evaluated and establish H2O as the electron 

donor in the system. 

4. Line 242 the suggested H2O2 decomposition should be evaluated/measured in the presence of 

photocatalysts with added H2O2. 

5. Line 255 considering the amount of H2O2 formed >1000 umole (Figure 3f), the required O2 

concentration would exceed 50 mM (20 mL water) in water. How could this be possible given the 

solubility limit of O2? Did the experiment actively bubble air/O2 in the solution? Please clarify. 



6. CD is suggested to act as the electron trap. To confirm this, the photoluminescence indicative of 

electron-hole re-combination should be measured for the various photocatalysts made. 

7. The figure labels (including x, y axis labels) especially Figure 3&4 are too small to read. The sub-

figures in Figure 3 are mis-labeled in the caption and Figure 3b&c are not introduced in the caption. 

Typos in the Figure 3 labels should be corrected. In Figure 3d&e, the model calculation should be 

expressed as lines and measurement data in points. Additionally, more description of the experimental 

conditions used in Figure 3&4 is useful, as the photocatalysis experiments described in method section 

is very generally, for example, not covering how rotation and oxygen partial pressure were conducted. 

8. There are many errors (grammars, typos, mistakes) in current text that should be carefully 

corrected. 









































































REVIEWER COMMENTS 

Reviewer #1 (Remarks to the Author): 

The authors carefully revised the manuscript regarding the problems. All my questions have been 

addressed. Therefore, I recommend it to be published as is. 

Reviewer #2 (Remarks to the Author): 

The authors have well addressed all the questions and performed the additional experiments required. 

The manuscript has been improved and can be accepted in the present form. 

Reviewer #3 (Remarks to the Author): 

Some of my first review questions are addressed, but some still remain as outlined as follows. 

1. I am not convinced that the addition of salts, particularly Na+ and Mg2+, significantly enhances 

H2O2 photoproduction (Figure 4g), given the large error bars of measurements at various salt 

concentrations. I would suggest more rigorous statistical analysis to support their claims. 

2. Table S4: the performance of the photocatalyst reported in this work should be explicitly discussed 

in comparison to those in existing work using seawater. It is not clear whether the performance of this 

work is actually better. The SCC of this work is not better (0.21% vs 0.55% and 0.89% in ref 5 and 

ref 7), and the H2O2 production rates of the literature work are shown as different units, which are 

not easy for direct comparison. Table S4: The AQY of this work is indicated as 0.99. It is 0.99 or 

0.99%? 

3. The relative contents of O 1s and C 1s in the XPS survey spectra before (Figure S10a) and after 

(Figure S21a) photocatalysis have changed with the one after photocatalysis showing strongly 

increased O1s. Does this indicate that the photocatalyst has oxidized? Also while the C-O 

concentration does not increase, the C=O concentration increases after photocatalysis (Figure S21 b). 

Please provide the overall quantitative oxygen functionalities concentrations including C-O and C=O 

before and after photoreaction for a definitive comparison. 

Other comments: 

Figure S19: % in the y-axis label should be removed. 

Figure 3 caption: calculation date and experiment date should be corrected to calculation data and 

experimental data. 

The English language should again be generally improved before publication. 



















REVIEWERS' COMMENTS 

Reviewer #3 (Remarks to the Author): 

The authors have satisfactorily addressed my comments/questions.



Response to the Reviewer’s Comments 

We sincerely thank for the referees’ work on our manuscript. Herein, we respond to 

the referees’ insightful comments and suggestions in detail. 

 

Referee: #3 

The authors have satisfactorily addressed my comments/questions. 

Response: 

Thank you for your recognition and guidance of our work. 

 


